TABLE I

Requirement of the Identities among Genes in the K and I Regions of H-2 Complex for the Effective Suppression
Donor of T ex-
An important point in this experiment is that the factors from CBA and C3H (H-2 k) mice but not BALB/c (H-2 d) mice can suppress the response ofA/J (H-2 a) mice which share the same K and ! regions with H-2 k strains. Also, the H-2 k factor can suppress the response of (BALB/c x A/J)F1 mice. Therefore, it is clear that the identities among genes in the K and I regions of the H-2 complex between the donor and recipient are both necessary and sufficient for the effective suppression in cross-strain experiments. Definitely no suppression was observed in any combinations of H-2 histoincompatible strains so far tested.
Failure to Produce the Suppressive T-CeU Factor in A/J Strain. As mentioned previously, the T-cell factor from H-2 k mice can suppress the response of A/J mice, implying that spleen cells of A/J mice have acceptor sites for the H-2 k factor. However, the T extract obtained from A/J mice consistently failed to suppress A/J, CBA, and C3H responses as depicted in Table II . We have confirmed several times this peculiar behavior of A/J mice with different antigen doses and immunization schedules.
Even more peculiar is the genetic trait of this inability to produce the suppressive T-cell factor. When (BALB/c x A/J)F1 was used as the donor, the Tcell factor from this FI could suppress responses of beth (BALB/c x A/J)F~ and BALB/c, but not the response of the other parental partner A/J. The F~ factor also failed to suppress the responses of H-2 k mice (CBA and C3H). Therefore, the production of the suppressive T-cell factor per se is genetically dominant, but the produced factor is strictly strain-specific, and thus the inability to produce the H-2 k reactive factor of A/J mice is also inherited by the F~ mice (Table II) .
Inability to Express the Acceptor Site for the Suppressive T-Cell Factor in BIO Congeneic Strains. Quite contrary to A/J strain, several congeneic strains of B10 background were shown to lack the expression of acceptor site for the H-2 compatible suppressive T-cell factor, while being able to produce the factor itself. The T-cell extracts were obtained from B10, B10.D2, B10.BR, B10.A, and B10.S strains, and were tested in syngeneic and H-2 histocompatible target cells. As shown in Table III , the extracts from B10 congeneic strains did not suppress the responses of syngeneic spleen cells, whereas the same extract could suppress the responses of H-2 histecompatible partners of non-B10 background. Similarly, the extracts derived from non-B10 background, despite having the definite suppressive activity in syngeneic combinations, could not suppress the responses of H-2 identical B10 congeneic strains. Thus for example, the response of B10.S spleen cells was not suppressed by either syngeneic B10.S or the H-2 identical SJL T-cell factor. On the other hand, both the T-cell extracts of B10.S and SJL could suppress the response of SJL only, but not the B10.S response. Furthermore, in some cases a definite enhancement was observed in the response of B10 congeneic strains given the T-cell extract which had been shown to be inhibitory in H-2 identical partners. From this series of experiments, it was concluded that congeneic strains of B10 background can produce the suppressive T-cell factor which suppresses the response of other H-2 histocompatible spleen cells, but are incapable of accepting the suppressive T-cell factor from either syngeneic or H-2 identical strains. This conclusion will be reinforced by the failure of absorption of the T-cell factor by spleen cells of B10 congeneic mice as will be shown below.
The Genetic Trait of the Suppressor-Acceptor Expressions. Since A/J and B10.A both having the same H-2 haplotype lack one of the expressions of the suppressor or acceptor, we crossed these strains to obtain their FI hybrid. The ability of the (A/J × B10.A)F~ to produce the suppressive T-cell factor as well as to accept the factor was tested by combinations of F1 and parents as the donor and recipient.
As shown in Table IV , the (A/J × B10.A)F1 could produce the T-cell factor which can suppress both A/J and F~ responses. The same factor could not suppress the response of the other parental strain B10.A which lacks the acceptor site. Similarly, the response of (A/J x B10.A)F~ is suppressible by the factors derived from F~ and B10.A but not from A/J. Thus both the suppressor and accepter are dominantly expressed on the cells of F~ whose parents lack 
Presence of an Acceptor Site for the Suppressive T-Cell Factor on T Cells but not on B Cells and Macrophages.
The results stated above indicate that only H-2 histocompatible partner can accept the suppressive T-cell factor of other strains, and such an acceptor site is lacking in certain strains. We have already presented an indirect evidence in a previous publication (2) that the target of the suppressive T-cell factor is the T cell but not B cell. This was based on the fact that the suppressive T-cell factor did not suppress the in vitro antibody response unless the helper T cell having an identical specificity to the suppressive T-cell factor coexisted. The result suggested that the factor does not act directly on B cells, but may suppress the helper T cell resulting in the overall reduction of antibody response.
To obtain more direct evidence for the presence of acceptor sites on T cells, the suppressive T extract was absorbed with various cell types from normal syngeneic or allogeneic mice. Suspensions of thymocytes, spleen cells, and bone marrow cells were obtained from normal C3H and BALB/c mice. A fraction of non-O-bearing cells was obtained by treatment of spleen cells with anti-0 and complement. Macrophages were obtained as the glass-adherent peritoneal exudate cells. An aliquot of the suppressive T-cell extract corresponding to 5 x 10 7 thymocytes was incubated with 1 to 2 x 10 8 of each cell type at 4°C for 1 h with constant agitation. The cells were spun down, the supernate was sterilized by passing through a millipore membrane filter, and the residual suppressive activity was assayed by adding the supernate to the culture of primed spleen cells. Table V demonstrates that the suppressive activity of the T extract can be removed by incubation with syngeneic thymocytes and spleen cells, but not with anti-0-treated spleen cells, peritoneal macrophages, or bone marrow cells in both C3H and BALB/c mice. It was noted that a larger number of thymocytes was always required for the complete removal of the suppressive activity, suggesting that only a certain proportion of thymocytes expresses the acceptor site or that the density of the acceptor site on thymocytes is lower than that on spleen cells. The cells expressing the acceptor site in spleen cells are anti-0 sensitive. These results infer that the acceptor site for the suppressor molecule is, in fact, present on the surface of a T-cell subpopulation but not on B cells and macrophages.
Similar absorption experiments were performed using the spleen cells from H-2 histocompatible and incompatible strains as well as those from B10 congeneic strains that had been shown to possess no ability to accept the suppressive T-cell factor. As shown in Table VI , the suppressive activity of the BALB/c T-cell factor was completely absorbed with the spleen cells of BALB/c and (BALB/c × CBA)F1 but not with those from histoincompatible A/J and C3H. It was also shown that the spleen cells of B10.D2 could not absorb the BALB/c T-cell factor even though B10.D2 has the same H-2 complex as BALB/c. Similarly, the C3H factor can be absorbed with spleen cells of C3H, CBA, (BALB/c × CBA)F,, and A/J, but not BALB/c and B10.BR. The results clearly indicate that the T-cell factor can be absorbed with splenic T cells having identical K and I regions to the donor of the T-cell factor, and that the nonacceptor strains of B10 congeneic lines, in fact, do not express the acceptor site for the histocompatible T-cell factors.
Discussion The results presented in this paper indicate that there exist at least two distinct types of molecules, both determined by genes in the H-2 complex, which play a consequential role in the T-cell-mediated suppression of the antibody response. These are the antigen-specific T-cell factor which has been described previously (1, 2) , and the acceptor molecule for the T-cell factor which is expressed on the surface of a certain T-cell subpopulation. This conclusion is derived from a series of experiments all of which point to the dual gene regulation in the T-cell-mediated suppression: First, it has clearly been demonstrated that identities of genes in the H-2 complex between the donor of the Tcell factor and the responding target cells are definitely required for the elicitation of effective suppression. In general, identities among genes in the left side half (K end) of the H-2 complex are found to be both necessary and sufficient. This suggests that the gene(s) coding for the acceptor site is also located in the left side half of the H-2 complex, as is the gene for the T-cell factor, and that the complementation of these two gene products is required for the induction of suppression.
Secondly, in the F1 hybrid of different H-2 haplotype strains, the molecules having the suppressive activity for both parental strain responses are codominantly expressed on F1 suppressor T cells. Similarly, the acceptor sites for both parental suppressive T-cell factors are expressed on FI target cells. Thus the parental T-cell factors can suppress the response of F~, and the F~ T-cell factors can suppress the responses of both parental strains.
The presence of such acceptor sites on T cells but not B cells and macrophages was clearly demonstrated by successful removal of the suppressive activity by incubation of the suppressive T-cell extract with thymocytes and spleen cells, but not with bone marrow cells, peritoneal macrophages, and anti-P-treated spleen cells. Furthermore, H-2 histoincompatible spleen cells always failed to absorb the suppressive activity. The results indicate that the acceptor site is expressed only on the surface of T cells, and this expression is also determined by genes in the H-2 complex. These findings are consistent with the two-gene model originally presented by Munro and Taussig (6) and Taussig et al. (7) in cooperative interactions between T and B cells in the induction of antibody response, although the acceptor site for the cooperative T-cell signal is expressed only on B cells. The evidence that the functionally different molecules, i.e. suppressor and acceptor molecules, are actually two distinct gene products was further demonstrated by the occurrence of two types of defect in gene expressions. One example is the A/J strain which could not produce the suppressor molecule, while being able to accept the T-cell factor produced by other H-2 a and H-2 k strains. Thus, the A/J strain lacks the expression of the suppressor gene, but the expression of the acceptor gene is intact. On the contrary, several congeneic lines of B10 background could produce the suppressive T-cell factor which was effective in suppressing the response of H-2 histocompatible strains of non-B10 background. However, these B10 congeneic mice could not accept the suppressive T-cell factor produced by H-2 histocompatible partners of non-B10 background. The lack of expression of the acceptor site on the spleen cells of B10 congeneic mice was further supported by the consistent failure of absorption of the histocompatible T-cell factor by their spleen cells. Since A/J and B10.A share the identical H-2 haplotype, the observed difference indicates that the expression of suppressor and acceptor genes may be regulated by separate regulatory genes not linked to the H-2 complex.
One further interesting observation in this respect is that the T-cell extract from (BALB/c x A/J)F, mice could suppress both syngeneic F, and BALB/c responses but not A/J, C3H, and CBA responses. This indicates that although the ability to produce the suppressive T-cell factor is a dominant trait, the produced factor is reactive only with the acceptor of H-2 d. Therefore, the inability of A/J mice to produce the H-2 k reactive T-cell factor is simultaneously inherited by the F, mice. However, if A/J (nonproducer) and B10.A (nonacceptor) were crossed to produce their F, hybrid, the F, mice could produce the factor which can suppress both F1 and A/J. The results clearly indicate that both expressions of the suppressor and acceptor are dominant traits.
Although the regulatory mechanisms involved in the expression of either molecule are not known, the incidence of such exceptional strains indicates that the suppressor and its acceptor are distinct molecules both coded for by genes in the H-2 complex, and that the suppressor phenomenon is controlled by at least two genes in the H-2 complex. It should be concluded that the complementation of these two gene products is definitely required for the expression of T-cell-mediated suppression. Defects in either type of gene would cause a defective homeostatic regulation of the antibody response.
In fact, we are aware of the interesting findings reported by Cerottini and Unanue (8) , who showed that A/J strain is an extremely high responder to KLH, while CBA is a low responder, and that this responsiveness to KLH is not linked to the H-2 complex. In view of the present observation, such a high responsiveness observed in A/J mice might be due to the lack of expression of the KLHspecific suppressor gene, although the response itself is not under H-linked Ir gene control. It seems possible that the strain differences in the responsiveness against various complex protein antigens may be at least in part explained by the suppressor and/or acceptor gene expression, rather than by Ir gene control.
There are several important problems to be solved in the future. Although the T-cell-mediated suppression may be explained by the two-gene hypothesis, the expression of both genes is clearly regulated by other genes not linked to the H-2 complex. For example, since all the congeneic lines of B10 background so far tested do not express the acceptor site, the expression is apparently regulated by genes on background chromosomes. As C57BL/6J can accept the H-2 b factor, the ability to express the acceptor gene is determined by the portion not shared by B10 and C57BL/6J, which is very little indeed. Secondary, although it is now clear that the cells expressing the acceptor site are T cell, we do not know whether they are helper T cells or other cell types. Our more recent observation indicated that the cells capable of absorbing the suppressive T-cell factor are nylon wool-adherent 0-bearing cells. Since most of the helper activity is present in the nonadherent cell fraction, the possibility should be considered that the factor may act on a distinct subpopulation of T cell from helper T cell, and that such cells armed by the factor may in fact be active in the actual suppression of the antibody response. It has recently been proposed by Eardley and Gershon (9) that the suppressor T cell, when transferred into the host, may induce a new population of suppressor cells of the host origin that actually participates in the suppression of antibody response. Thirdly, we are still not able to determine the subregions which code for both suppressor and acceptor molecules. A succeeding paper will describe our latest results which indicate the unambiguous region assignment of the suppressor gene among I subregions. 2 Finally, the present results are in keeping with the recent discoveries of the complementation of two Ir genes in the initiation of antibody responses (6, 7, (10) (11) (12) . These include complementations of genes at the level of T cells and at both T-and B-cell levels. Munro and Taussig (6) suggested that one Ir gene codes for a T-cell factor and the other codes for the acceptor on the B cell. More recent studies by Dorf et al. (11) and Doff and Benacerraf (12) suggest that a complementation ofIr gene would occur at the level ofT cell. Our results, although the effect was opposite to that observed by these investigators, indicate that the complementation of the suppressor and acceptor genes may take place strictly at the T-cell level, and that the target of the suppressive T-cell factor is the T cell. Another difference from the cooperative cell interaction via I region gene Tada, T., M. Taniguchi, and C. S. David. 1976. Properties of antigen-specific suppressive Tcell factor in the regulation of antibody response of the mouse. IV. Special subregion assignment of the gene(s) in the H-2 histocompatibility complex which codes for the suppressive T-cell factor. Manuscript submitted for publication. products lies in that there is a strict histocompatibility requirement for the suppressive cell interaction, a fact which was not observed in the study of the cooperative T-cell factor (7). The present results being corroborated by the findings of others would add a strong evidence that several cooperative and suppressive cell interactions are mediated by I region gene products forming the network of the immune system.
Summary
The antigen-specific suppressive T-cell factor of mice, which had previously been shown to be an I region gene product, could effectively suppress the in vitro secondary antibody response of spleen cells from syngeneic or H-2 compatible mouse strains but not that of H-2 incompatible strains. The identities among genes in the left side half (K, I-A, and I-B) of the H-2 complex between the donor and recipient strains were found to be both necessary and sufficient for the induction of suppression. This suggests that the acceptor site for the suppressive T-cell factor is also determined by the gene present in the left side half of the H-2 complex. The cell type which expresses the acceptor site was found to be a subset of T cell. In general, the suppressive T-cell factor obtained from F1 mice could suppress the responses of both parental strains, and the parental factors could suppress the response of F1 mice. The results indicate that both suppressor and acceptor molecules are codominantly expressed on F1 T cells.
There were found two types of defects in the expression of suppressor and acceptor molecules among mouse strains: A/J mice could not produce the suppressive T-cell factor despite that they could accept the factor produced by other H-2 compatible mouse strains. In contrast, all the B10 congeneic lines could produce the T-cell factor, but could not accept the factor produced by syngeneic and H-2 compatible non-B10 congeneic lines. The FI hybrid of A/J and B10.A could both produce and accept the T-cell factor, and thus the expressions of suppressor and acceptor molecules were found to be dominant traits. These results indicate that the antigen-specific T-cell-mediated suppression is regulated by at least two genes both present in the H-2 complex, and that the complementation of these two genes is required for the induction of suppression.
